This paper described the findings and data resulting from the German National Dioxin Measurement Programme at 11 plants with 15 
Introduction
In public debates, thermal waste treatment is considered to be an emission source burdening the environment to a disproportionately high degree, particularly because of the associated dioxin emissions. Bearing in mind the requirement that waste incineration should be used to treat waste prior to the depositing of the residues in landfills in order to relieve the pressure on the environment, it will remain necessary-not only for reasons In the following, the findings and data resulting from the measurement programme are presented (Johnke 1990 , Greiner & Stelzner 1991 (Hagenmaier 1985 , 1986 , Hagenmaier et al. 1987a ,b, Marklund et al. 1988 , 1992 Table 3 shows the effect of additions of PVC and lime on emissions. 5.4 Design characteristics, flue gas cleaning The investigations confirmed the finding that a major proportion of the PCDD/PCDF emissions is due to de novo synthesis. Two areas have to be mentioned here, the cooling zone behind the combustion chamber and the dust removal system. This was demonstrated by parallel measurements in the combustion chamber, in several temperature zones of the boiler, of raw gas before the electrostatic precipitator and raw gas following ESP. Table 9 shows the ranges of the PCDD/PCDF loads ascertained at several incinerators per Mg waste.
Measurements in an incineration unit not equipped with a steam generator, in which the flue gases were cooled off by water quenching, showed that under less than optimal combustion conditions (e.g. CO content of 250 mg m-3, 0, content of 16%) quenching alone does not cause a reduction in PCDD/PCDF concentrations.
Various indications of the de novo synthesis of PCDD/PCDFs in the electrostatic precipitator can be derived from the measurement results. For example, it appears to be possible that the formation reaction in the ESP is dependent on temperature. The high voltage and associated ozone formation may also play a role here. Comparison of an incineration line before and after modernization Comparison of the PCDD/PCDF content of raw gas and clean gas in normal operation and during soot blowing (two measurement series each) Range of PCDD/PCDF loads between the combustion chamber and the raw gas following dedusting * Geometric mean values in parentheses.
A factor of importance with respect to the collection efficiencies attainable in flue gas treatment is which flue gas cleaning systems are used in what combination. In Fig. 1 , the output loads estimated for four incineration units on the basis of the mass/volume flows given in Table 10 are contrasted with the average input load of 80 ¡lg   TABLE 10 Comparison of collection efficiencies as a function of the flue gas treatment combination used . Results differing by a factor of up to two can be considered to be identical or comparable.
Conclusions/perspectives
The foremost goal in thermal treatment must be that the treatment process is run under largely controlled conditions. This includes the requirement that the burnout of both the solid and the gaseous phases is controllable. In particular, care must be taken to ensure a In spite of all the possibilities for minimizing PCDD/PCDFs during the treatment process, it is currently not possible to completely prevent the formation of PCDD/ PCDFs and other organic compounds in parts of the plant. Therefore, conventional thermal treatment will not be able to do without additional measures to remove PCDD/ PCDF from the flue gas. A number of alternative methods are being tested here on a commercial scale, the use of which should make it possible for the limit value of 0.1 ng I-TE m-3 prescribed by the 17. BImSchV to be complied with continuously.
